ABSTRACT
Introduction
Push-out test is a test to measure the interfacial shear strength developed between different surfaces. It provides information about the adhesive property of the material tested [1] and helps to understand the resistance of the tested material to dislodgement, that is how well the material can bind to the tooth structure. Greater the push-out strength, greater is the adhesion between the tested material and the tooth surface. In endodontics, the push-out bond strength is done for root end filling, perforation repair, obturation, and root canal sealer materials, to study their resistance to dislodgement. [2, 3] Furcation perforation is a procedural complication that can occur during endodontic treatment or teeth postspace preparation. [4] An ideal perforation repair material provides a tight seal between the oral environment and periradicular tissues. It should also remain in place under dislodging forces, such as mechanical loads of occlusion or the condensation of restorative materials over it. [5] [6] [7] [8] An in vitro comparison of push-out bond strength of biodentine and mineral trioxide aggregate in the presence of sodium hypochlorite and chlorhexidine gluconate This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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Mineral trioxide aggregate (MTA) has been widely used as a perforation repair material. [9] Despite the numerous favorable properties of MTA that support its clinical use when compared with other materials, there are several critical drawbacks such as the prolonged setting time, difficult handling characteristics, high cost, and potential of discoloration. [10] [11] [12] [13] A variety of new calcium silicate-based materials have been developed recently aiming to improve MTA shortcomings. [14, 15] Biodentine (Septodont, Saint Maur des Foss-es, France) is a high-purity calcium silicate-based dental material composed of tricalcium silicate, calcium carbonate, zirconium oxide, and a water-based liquid containing calcium chloride as the setting accelerator and water-reducing agent. Biodentine is recommended for use as a dentin substitute under resin composite restorations and an endodontic repair material because of its good sealing ability, high compressive strengths, short setting time, [15, 16] biocompatibility, bioactivity, and biomineralization properties. [15] [16] [17] Clinically, the operator should immediately repair the furcation perforations with an endodontic material to minimize the bacterial contamination and the irritation of periodontal tissues because of the usage of endodontic irrigants. [18] After repairing the furcal perforation, endodontic treatment should be performed where various irrigants including sodium hypochlorite (NaOCl) and 2% chlorhexidine gluconate (CHX) are used to disinfect the root canal system. [19] However, this procedure causes unavoidable contact of irrigants with the repair materials. Thus, the purpose of this study was to compare the push-out bond strength of Biodentine (Septodont, Saint Maur des Foss_es, France) and MTA (Angelus, Londrina, PR, Brazil) in the presence of 3% NaOCl and 2% CHX.
Null hypothesis
There is no difference in the push-out bond strength between MTA and Biodentine treated with different irrigants.
Materials and Methods
Forty-six freshly extracted single-canal decoronated human premolars were used. The canal spaces of all the teeth were prepared with number 5 gates glidden drill (1.3 mm diameter). The specimens were sectioned horizontally at the mid-root level dentin into 1.0 mm thick slices. These root sections were randomly divided into two groups [ The test materials were incrementally placed into the canal spaces of the dentin slices and condensed. Excess material was trimmed from the surface of the samples with a scalpel. Subsequently, the samples were wrapped in wet gauze, placed in an incubator, and allowed to set for 10 min at 37°C with 100% humidity. Immediately after incubation, the samples in each group were divided into three subgroups to be immersed into 3% NaOCl (Comet, India) (n = 10), 2% CHX (Amdent, Jodhpur, Rajasthan, India) (n = 10) and control group (n = 3) with no irrigation performed. After 30 min of immersion, all samples of Group 1 and Group 2 were removed from the test solutions, rinsed with distilled water, and allowed to set for 48 h at 37°C with 100% humidity in an incubator. For the control group, a wet cotton pellet was placed over each test material without any irrigation and allowed to set for 48 h (n = 3).
Push-out test
The push-out bond strength values were measured by using a universal testing machine (Star Testing System, Mumbai, Maharashtra, India, Model no. STS 248, accuracy of the machine: ±1%). The samples were placed on an acrylic block with a central hole to allow the free motion of the plunger. The compressive load was applied by exerting a downward pressure on the surface of the test material in each sample with probe moving at a constant speed of 1 mm/min. The plunger had a clearance of approximately 0.2 mm from the margin of the dentinal wall to ensure contact only with the test materials. The maximum force applied to materials at the time of dislodgement was recorded in newtons. The push-out bond strength in megapascals (MPa) was calculated by dividing this force by the surface area of test material (N/2 prh), where P is the constant = 3.14, r is the root canal radius, and h is the thickness of the root dentin slice in millimeters.
Nature of bond failure
The nature of the bond failure was assessed under a stereomicroscope at ×10 magnification. Each sample was categorized into one of the three failure modes: Adhesive failure at test material and dentin interface, cohesive failure within test material, or mixed failure [ Figure 1 ].
Statistical analysis
Data were analyzed by using independent t-test and ANOVA (Levene's test). The significance level was established at 5% (P = 0.05) for all analyses.
Results
Push-out test
The mean values of push out bond strength (MPa) for the subgroups of each test material is presented in Table 1 and Graph 1. Exposure to NaOCl or CHX did not affect the resistance to displacement of Biodentine (P > 0.05). MTA lost strength after exposure to CHX solution, and the bond strength of the CHX-treated MTA group was the lowest.
There was a significant difference between (Group 1) Biodentine + NaOCl and MTA + NaOCl as well as (Group 2) Biodentine + CHX and MTA + CHX.
Within Group 1 (Biodentine group), there was no significant difference between the subgroups that is Biodentine + NaOCl compared with the control, and Biodentine + CHX compared with the control. Within Group 2 (MTA group), there was a significant difference between the subgroups MTA + NaOCl and MTA + CHX but no significant difference between MTA + NaOCl compared with the control and MTA + CHX compared with the control.
Hence, the null hypothesis that is "there is no difference in the push-out bond strength between MTA and Biodentine treated with different irrigants" was rejected.
Nature of bond failure After push-out test was carried out and the test materials (Biodentine or MTA) got dislodged from the lumen of slices of teeth, these sections of teeth were viewed under stereomicroscope at ×10 magnification and it was found that in the Biodentine group maximum number of samples showed cohesive failure, whereas in the MTA group, adhesive failure was predominant [ Table 2 and Figure 1 ]. These findings also indicate that Biodentine can form a stronger adhesive bond with the tooth structure as compared to that formed by MTA.
Discussion
The study showed that push-out bond strength of Biodentine is better as compared to MTA which is in accordance with the study conducted by Guneser et al. [20] The biomineralization ability of Biodentine, most likely through the formation of tags, may be the reason of the greater dislodgement resistance of Biodentine than MTA. CHX reduced the push-out bond strength of both Biodentine and MTA. This result was consistent with the results of Hong et al., [21] who showed that 2% CHX reduced the push-out strength of accelerated MTA. Exposure to 2% CHX, even though it is not an acid, may result in a reduced surface hardness, a decreased sealing ability, a slower setting time, and a lower resistance to dislodgement force. [22] Nandini et al. [23] showed that 2% CHX decreased the surface hardness of set white MTA significantly and suggested that CHX irrigation within 24 h of placement of white MTA should be avoided. Aggarwal et al. [24] found that 2% CHX reduced the microhardness and flexural strength of MTA.
The study showed that NaOCl has an effect on the higher push-out bond strength values of MTA, which is in accordance with various studies. [6, 20] This effect was not statistically significant in case of Biodentine.
Biodentine displayed a remarkably consistent performance even after exposure to 3% NaOCl and 2% CHX. Almost all Biodentine samples revealed a cohesive bond failure, whereas most MTA samples showed an adhesive failure. The smaller particle size and uniform components might have a role in better interlocking of Biodentine with the dentin, which finally causes cohesive failure inside the cement.
Conclusion
The force needed for the displacement of Biodentine from root dentin was significantly higher than MTA in the presence of both NaOCl and CHX. CHX reduced the push-out bond strength of MTA. However, NaOCl and CHX did not influence the resistance to the dislodgement of Biodentine.
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